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(54) Expansion valve integrated with electromagnetic valve 

(57) In an expansion valve (14) integrated with a 
electromagnetic valve (20), the expansion valve has an 
inlet refrigerant path (141a, 51) for introducing refriger- 
ant, a restriction path (144a) for decompressing and 
expanding the refrigerant, a valve element (144) for 
adjusting an opening degree of the restriction path, a 
valve element operating unit (30), and an outlet refriger- 
ant path (141b) for discharging the refrigerant. The out- 
let refrigerant path is opened or closed by the 
electromagnetic valve. When the electromagnetic valve 
is closed, the valve element operating unit closes the 
valve element in the restriction path based on a refriger- 
ant pressure in a space (147) between the electromag- 
netic valve and the restriction path. The space 
communicates with the inlet refrigerant path through a 
communication hole (500, 501). 



FIG. 2 
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Description 

[0001] The present invention relates to an expansion 
valve integrated with an electromagnetic valve, in which 
the electromagnetic valve is disposed at a downstream 
side of the expansion valve and both are integrated. The 
present invention is suitably employed in, for example, 
an air conditioning apparatus for a vehicle, which has an 
air conditioning unit incorporating therein evaporators of 
a refrigeration cycle, disposed at a front side and a rear 
side, respectively, in a passenger compartment. 
[0002] A conventional air conditioning unit includes 
cooling evaporators respectively disposed on a front 
side and a rear side of a passenger compartment of a 
vehicle for independently performing an air conditioning 
control at the front side and at the rear side of the com* 
partment. Each of the cooling evaporators is disposed 
in parallel to an expansion valve for decompressing 
refrigerant flowing into the evaporators. 
[0003] In this refrigeration cycle, an electromagnetic 
valve is connected to the expansion valve in series and 
switches a flow of the refrigerant into the respective 
evaporators. When the electromagnetic valve is rapidly 
opened or closed, however, water hammer noise is lia- 
ble to be generated. To solve this problem, JP-A-7- 
151422 proposes an expansion valve integrated with an 
electromagnetic valve which is disposed at a down- 
stream side of the expansion valve, i.e., in a path at a 
low-pressure side through which gas and liquid two 
phase refrigerant flows. Accordingly, both of the electro- 
magnetic valve and the expansion valve are downsized, 
and simultaneously, the water hammer noise generated 
when the electromagnetic valve is closed is reduced. 
[0004] However, as a result from various studies and 
examinations of the above-described expansion valve 
integrated with the electromagnetic valve by the inven- 
tors, it turns out that the noise generated when the elec- 
tromagnetic valve is opened cannot be reduced due to 
the following reasons. 

[0005] That is, when the refrigerant is stopped by the 
closed electromagnetic valve not to flow into one of the 
evaporators in the refrigeration cycle, a temperature of 
the evaporator increases up to an ambient temperature 
(a room temperature). Therefore, a temperature of a 
temperature sensing bulb disposed at a refrigerant out- 
let side of the evaporator also increases up to the room 
temperature. In contrast, a pressure at a low-pressure 
side of this expansion valve lowers by the refrigerant cir- 
culating into the other evaporator (by an operation of a 
compressor). As a result, a force is applied to a valve 
body of the expansion valve to fully open the expansion 
valve. Accordingly, when the electromagnetic valve is 
opened in the sate where the expansion valve is fully 
opened, a large amount of the refrigerant, which has 
been stopped, starts to flow into the evaporator sud- 
denly. As a result, there arises noise by the refrigerant 
flow and by sudden pressure drop at the downstream 
side of the expansion valve. 



[0006] Therefore, the applicant of the present inven- 
tion proposes, in US. Application No. 08/884,758. 
another type of expansion valve integrated with an elec- 
tromagnetic valve capable of effectively reducing refrig- 

5 erant flow noise which is generated when the 
electromagnetic valve is opened. The expansion valve 
integrated with the electromagnetic valve includes a 
restriction path for decompressing and expanding high- 
pressure side refrigerant, a valve element for adjusting 

w an opening degree of the restriction path, a valve ele- 
ment operating mechanism for moving the valve ele- 
ment, an outlet refrigerant path for supplying the 
refrigerant, which is decompressed an expanded in the 
restriction path, into an evaporator. The outlet refriger- 

75 ant path is closed or opened by a valve element of the 
electromagnetic valve. When the valve element of the 
electromagnetic valve is closed, the valve element oper- 
ating mechanism works based on the refrigerant pres- 
sure between the valve element of the electromagnetic 

20 valve and the restriction path to close a valve element of 
the expansion valve provided in the restriction path. 
[0007] That is. the pressure at the upstream side of 
the electromagnetic valve becomes the high-pressure 
side pressure by the operation of the refrigeration cycle 

25 while the electromagnetic valve is closed. Then, the 
valve element operating mechanism can be operated 
utilizing the high-pressure side pressure to close the 
valve element of the expansion valve. Accordingly, 
when the electromagnetic valve is opened after that, a 

30 large amount of the refrigerant is prevented from sud- 
denly flowing into the evaporator, so that refrigerant flow 
noise and the like do not occur when the electromag- 
netic valve is opened. 

[0008] The inventors of the present invention further 

35 manufactured and studied the expansion valve inte- 
grated with the electromagnetic valve proposed in the 
previous application described above, and accordingly 
found out the following problem. That is, when the elec- 
tromagnetic valve is closed, the space between the 

40 valve element of the electromagnetic valve and the 
valve element in the restriction path of the expansion 
valve is substantially sealed. When the sealed space is 
filled with liquid-phase refrigerant, the pressure in the 
sealed space can abnormally increase to. for example, 

45 more than 60 kg/cm 2 in accordance with a rise in 
atmospheric temperature. The abnormal increase in the 
pressure may cause deformation and damage to the 
parts such as a diaphragm of the valve element operat- 
ing mechanism, a diaphragm casing member, and the 

so like. 

[0009] The present invention has been made in view 
of the above problems. An object of the present inven- 
tion is, in an expansion vale integrated with an electro- 
magnetic valve, to reduce refrigerant flow noise 
55 produced when the electromagnetic valve is opened, 
and simultaneously to prevent abnormal increase in 
pressure in a space formed between a valve element of 
the electromagnetic valve and a valve element of the 
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expansion valve. 

[001 0] In an expansion valve integrated with an elec- 
tromagnetic valve according to the present invention, 
the electromagnetic valve is integrally assembled to an 
expansion valve body. The expansion valve body has an 
inlet refrigerant path for introducing refrigerant, a restric- 
tion path for decompressing and expanding the refriger- 
ant introduced from the inlet refrigerant path, and an 
outlet refrigerant path for discharging therefrom the 
refrigerant decompressed and expanded in the restric- 
tion path. The expansion valve integrated with the elec- 
tromagnetic valve further has a first valve element for 
adjusting an opening degree of the restriction path, a 
valve member operating mechanism for moving the first 
valve member, a second valve element disposed in the 
electromagnetic valve to open and close the outlet 
refrigerant path. When the second valve element is 
closed, the valve element operating mechanism oper- 
ates based on a refrigerant pressure in a space 
between the second valve element and the restriction 
path such that the first valve element is closed. Further, 
the space between the second valve element and the 
restriction path communicates with the inlet refrigerant 
path through a communication passage. 
[001 1 ] Accordingly, when the second valve element is 
opened, the refrigerant is prevented from suddenly flow- 
ing into the outlet refrigerant path so that refrigerant flow 
noise is not produced. Because the electromagnetic 
valve is disposed in a gas-liquid two phase refrigerant 
region on a downstream side of the valve element of the 
expansion valve, water hammer noise is also reduced. 
In addition, because the space between the second 
valve element and the restriction path always communi- 
cates with the inlet refrigerant path through the commu- 
nication passage, the space can be prevented from 
being sealed and from having an abnormally increased 
pressure. As a result, the parts of the electromagnetic 
valve integrated with the expansion valve such as a dia- 
phragm and a diaphragm casing member of the valve 
element operating mechanism are not damaged by the 
abnormally increased pressure. 
[001 2] The communication passage may be a minute 
hole formed in the expansion valve body. Otherwise, the 
communication passage may be a groove formed on a 
valve seat of the expansion valve body on which the first 
valve member is seated. In this case, the restriction path 
is provided between the valve seat and the first valve 
member, and when the first valve member is seated on 
the valve seat, the space communicates with the inlet 
refrigerant path through the groove. 
[0013] Other objects and features of the present 
invention will become more readily apparent from a bet- 
ter understanding of the preferred embodiments 
described below with reference to the following draw- 
ings. 

FIG. 1 is a diagram, in which a cross-sectional view 
showing an expansion valve integrated with an 



electromagnetic valve is included, showing a refrig- 
eration cycle according to a first preferred embodi- 
ment; 

FIG. 2 is a cross-sectional view showing the expan- 
s sion valve integrated with the electromagnetic valve 

from a side different from that in FIG. 1 ; 

FIG. 3 is a cross-sectional view taken along a Ill-Ill 

line in FIG. 2. showing the electromagnetic valve; 

FIG. 4 is a bottom view showing a temperature 
10 sensing rod in the first embodiment; 

FIG. 5 is a cross-sectional view taken along a V-V 

line in FIG. 4; 

FIG. 6 is a cross-sectional view showing an expan- 
sion valve integrated with an electromagnetic valve 

15 in a second preferred embodiment; 

FIG. 7 is a cross-sectional view showing an expan- 
sion valve integrated with an electromagnetic valve 
in a third preferred embodiment; 
FIG. 8 is a diagram showing a refrigeration cycle 

20 including the expansion valve integrated with the 
electromagnetic valve in the first to third embodi- 
ments; 

FIG. 9 is a cross-sectional view showing an expan- 
sion valve integrated with an electromagnetic valve 

25 in a fourth preferred embodiment; 

FIG. 10 is a plan view showing a valve seat of the 
expansion valve shown in FIG. 9; 
FIG. 11 is a cross-sectional view showing an 
expansion valve integrated with an electromagnetic 

30 valve in a fifth preferred embodiment; 

FIG. 12 is a plan view showing a valve seat of the 
expansion valve shown in FIG. 1 1 ; 
FIG. 13 is a cross-sectional view showing an 
expansion valve integrated with an electromagnetic 

35 valve in a sixth preferred embodiment; and 

FIG. 14 is a plan view showing a valve seat of the 
expansion valve shown in FIG. 13. 

(First Embodiment) 

40 

[0014] A first preferred embodiment of the present 
invention will be described with reference to FIGS. 1 to 
5. A refrigeration cyde shown is used for an air condi- 
tioning apparatus for a vehicle, which has air condition- 

45 ing units provided at a front seat side and a rear seat 
side of the vehicle and independently controlled. 
[0015] Referring to FIG. 1, the refrigeration cycle is 
provided with a compressor 10 to which an electromag- 
netic clutch (not shown) for intermitting transmission of 

so a driving force is attached. When the electromagnetic 
clutch is turned on to transmit the driving force from an 
engine of the vehicle to the compressor, the compressor 
is operated to compress sucked refrigerant and dis- 
charges gas-phase refrigerant having high-temperature 

55 and high-pressure. A condenser 11 cools and con- 
denses the gas-phase refrigerant discharged from a 
compressor 10 while receiving cooling air blown by a 
cooling fan (not shown), and the condensed liquid- 
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phase refrigerant flows into a receiver 12. The receiver 
12 separates the condensed refrigerant therein into 
gas-phase refrigerant and liquid-phase refrigerant and 
discharges only liquid-phase refrigerant. 
[0016] First and second expansion valves 13, 14 are 
disposed at the downstream side of the receiver 12 to 
expand the liquid refrigerant into the gas-liquid two 
phase refrigerant while reducing the pressure, and first 
and second evaporators 15, 16 are disposed in parallel 
with each other to evaporate the refrigerant discharged 
from the expansion valves 13, 14. 
[001 7] The first expansion valve 1 3 and the first evap- 
orator 15 are mounted in a front air conditioning unit 17 
disposed at a dashboard portion in the passenger com- 
partment and are used for air conditioning of a front seat 
side in the passenger compartment. The first expansion 
valve 13 is of a thermal type in which a valve opening 
degree is automatically adjusted to maintain a super- 
heating degree of the outlet-side refrigerant at a prede- 
termined value, and has a temperature sensing bulb 
1 3a for sensing a temperature of the outlet-side refriger- 
ant of the first evaporator 15. The pressure of the refrig- 
erant in the first expansion valve 13 is varied in 
response to the temperature detected by the tempera- 
ture sensing bulb 13a. 

[001 8] On the other hand, the second expansion valve 
14 and the second evaporator 16 are mounted in a rear 
air conditioning unit 18 disposed at a rear portion in the 
passenger compartment. e.g., in a ceiling portion of a 
stationary wagon type car, and are used for an air con- 
ditioning of a rear seat side in the passenger compart- 
ment. It is apparent that an air conditioning blower or the 
like, which is not shown, is incorporated in each of the 
front and rear air conditioning units 17, 18. The refriger- 
ant outlet-sides of the first and second evaporators 15, 
16 join together and are connected to a suction side of 
the compressor 10. 

[001 9] The second expansion valve 1 4 is constructed 
as the expansion valve integrated with the electromag- 
netic valve and will be described more specifically with 
reference to FIGS. 2 to 5. In this embodiment, the 
expansion valve 14 is constructed as a box-type expan- 
sion valve and has therein a low-pressure refrigerant 
path 140 through which the refrigerant discharged from 
the evaporator 16 flows. A temperature sensing mecha- 
nism (described later) for sensing a temperature of the 
refrigerant flowing through the low-pressure refrigerant 
path 140 is integrally incorporated in the expansion 
valve 14. 

[0020] A normally-closed type electromagnetic valve 
20 (see FIG. 2) is integrally assembled to the box-type 
expansion valve 14. The expansion valve 14 is provided 
with a prism-shaped valve body 141 made of metal 
such as aluminum. As shown in FIG. 1, the valve body 
141 has a refrigerant inlet 141a and a refrigerant outlet 
141b at positions adjacent to a lower side portion of an 
outer circumferential wall thereof. The high-pressure 
side liquid-phase refrigerant from the receiver 12 flows 



into the refrigerant inlet 141a, and is decompressed and 
is expanded to be low-pressure refrigerant in a restric- 
tion path 144 described later. Then, the low-pressure 
refrigerant flows out through the refrigerant outlet 141b. 
5 The refrigerant outlet 1 41 b is connected to a refrigerant 
inlet 16a of the evaporator 16. 

[0021] The low-pressure refrigerant path 140 is 
formed in an upper side portion of the valve body 1 41 to 
pass through the valve body 141 in a direction perpen- 

10 dicular to an axial direction of the valve body 141. A 
refrigerant inlet 141c and a refrigerant outlet 141d are 
open at both ends of the low-pressure refrigerant path 
140. The refrigerant inlet 141c is connected to an outlet 
16b of the evaporator 16 such that the gas-phase refrig- 

15 erant evaporated in the evaporator 16 flows into the 
refrigerant inlet 141c. The gas-phase refrigerant further 
passes through the low-pressure refrigerant path 140 
and flows from the refrigerant outlet 141d out of the 
valve body 141. The refrigerant outlet 141d is con- 

20 nected to an inlet side of the compressor 1 0. 

[0022] In a center portion of the valve body 141, a 
stepped inner hole 142 having a stepped portion is 
coaxially formed. The stepped inner hole 142 passes 
through the low-pressure refrigerant path 140 and 

25 extends vertically, i.e., in an up and down direction, in 
the center portion of the valve body 141. A valve seat 
143 is formed at a lower end portion of the stepped 
inner hole 1 42, and a spherical valve element 1 44 is dis- 
posed to face the valve seat 143 and to be allowed to 

30 vertically move. A restriction path 144a (see FIG. 2) for 
decompressing and expanding the high-pressure side 
liquid-phase refrigerant from the refrigerant inlet 1 41a is 
provided between the valve seat 143 and the spherical 
valve element 144. 

35 [0023] An operation rod 1 45 is fitted into the lower side 
portion of the stepped inner hole to be allowed to verti- 
cally move. A lower end portion of the operation rod 145 
contacts the spherical valve element 1 44 and moves the 
spherical valve element 144. The operation rod 145 has 

40 a small-diameter portion 145a at a lower side portion 
thereof such that an annular refrigerant path 145b is 
formed between the small-diameter portion 145a and 
the inside wall of the stepped inner hole 142. 
[0024] The annular refrigerant path 1 45b always com- 

45 municates with a communication chamber 147 through 
several communication holes 146 formed in the valve 
body 141 to extend perpendicularly to the stepped inner 
hole 142. Further, a cylindrical portion project into the 
communication chamber 147 at an intermediate portion 

so of the several communication holes 146, and a refriger- 
ant path 148 is provided in the cylindrical portion. A 
valve element 200 of the normally-closed type electro- 
magnetic valve 20 is disposed to face an end face of the 
refrigerant path 148, and intermits the communication 

55 between the communication chamber 147 and the 
refrigerant path 148. As shown in FIG. 3, the refrigerant 
path 148 further communicates with the refrigerant out- 
let 141b. The electromagnetic valve 20 will described 
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more specifically later. • 
[0025] Next, an operating mechanism for operating 
the valve element 144 of the expansion valve 14 will be 
described. A diaphragm operating unit 30 constituting 
the operating mechanism includes an upper casing 31 , 
a lower casing 32, and a diaphragm 33 as a pressure 
responding member. Both of casings 31 , 32 are made of 
stainless type metal and fixedly holds an outer circum- 
ferential edge portion of the disc-shaped diaphragm 33 
made of similar stainless type metal. The disc-shaped 
diaphragm 33 is assembled to be elastically deformable 
in the vertical direction of FIG. 1 , and partitions an inner 
space of both of casings 31 and 32 into a temperature 
sensing chamber (first pressure chamber) 34 at the 
upper side and a pressure equalizing chamber (second 
pressure chamber) 35 at the lower side. Refrigerant 
identical to that circulating in the refrigerant cycle is 
injected into the temperature sensing chamber 34 
through a capillary tube 36 and is sealed therein under 
a predetermined pressure. An annular opening portion 
32a of the casing 32 at the lower side is screwed to a 
large-diameter portion 142a formed at an end portion 
(upper end portion) of the stepped inner hole 142 of the 
valve body 141. At the screwed fixing portion, air-tight- 
ness is maintained by a rubber O-ring (elastic sealing 
member) 37. 

[0026] The temperature sensing rod 40 is made of a 
metal such as aluminum, which is superior in thermal 
conductivity, and is formed into a columnar shape. The 
temperature sensing rod 40 is disposed, as shown in 
FIGS. 1 and 2, to pass through the low-pressure refrig- 
erant path 140, for sensing a temperature of the refrig- 
erant at the outlet side of the evaporator. One end 
portion (upper end portion) of the temperature sensing 
rod 40 is constructed as a large-diameter portion 41 . 
The large-diameter portion 41 is disposed in the pres- 
sure equalizing chamber 35 and abut a face (lower side 
face) of the disc-shaped diaphragm 33. Accordingly, a 
variation in temperature of the temperature sensing rod 
40 is transmitted to the refrigerant in the temperature 
sensing chamber 34 through the diaphragm 33 made of 
metallic thin plate. The refrigerant pressure in the tem- 
perature sensing chamber 34 varies in respone to the 
temperature of the refrigerant flowing in the low-pres- 
sure refrigerant path 140 immediately after being dis- 
charged from the outlet 16b of the evaporator 16. 
[0027] The temperature sensing rod 40 is axially slid- 
ably disposed in the stepped inner hole 1 42 of the valve 
body 141, and contacts one end portion (an upper end 
portion) of the operation rod 145 at the other end por- 
tion (the lower end portion) of the temperature sensing 
rod 40. Accordingly, the temperature sensing rod 40 
transmits a displacement of the diaphragm 33 to the 
valve element 144 through the operation rod 145. In the 
axial direction of the stepped inner hole 142. a rubber 
O-ring (elastic sealing member) 42 is disposed in a por- 
tion between the low-pressure refrigerant path 140 and 
the pressure equalizing chamber 35 to maintain air- 



• tightness therebetween. 

[0028] Further, the refrigerant pressure between the 
valve element 200 of the electromagnetic valve 20 and 
the restriction path 144a is introduced into the pressure 

5 equalizing chamber 35 through a pressure introduction 
path described below. That is, as shown in FIG. 2, a 
pressure chamber 43 is formed between the lower end 
portion of the temperature sensing rod 40 and an inter- 
mediate stepped face 142b of the stepped inner hole 

10 142, and the pressure chamber 43 communicates with 
the communication chamber 1 47 through a communica- 
tion hole 44 provided in the valve body 141 . 
[0029] A communication hole 45 is formed to pass 
through a central portion of the temperature sensing rod 

15 in the axial direction thereof, and as shown in FIGS. 4 
and 5, a groove portion 46 having a U-shaped cross 
section is provided at the lower end portion of the tem- 
perature sensing rod 40. Therefore, even when the 
lower end portion of the temperature sensing rod 40 

20 contacts the upper end portion of the operation rod 1 45, 
the pressure chamber 43 always communicates with 
the communication hole 45 through the groove portion 
46. Through the above-described pressure introduction 
path composed of the communication hole 44, the pres- 

25 sure chamber 43, the groove portion 46, and the com- 
munication hole 45 in this order, the refrigerant pressure 
between the valve element 200 of the electromagnetic 
valve 20 and the restriction path 144a (i.e., the pressure 
in the communication chamber 147) is introduced into 

30 the pressure equalizing chamber 35. 

[0030] The communication hole 45 is connected to an 
auxiliary communication hole 45a extending radially 
from the central portion of the temperature sensing rod 
40, and the above-described refrigerant pressure is fur- 

35 ther introduced into the pressure equalizing chamber 35 
through the auxiliary communication hole 45a. Each of 
the communication holes 44, 45 and 45a may have a 
diameter of approximately 1.0 mm, for example. Fur- 
ther, the groove portion 46 having the U-shaped cross 

40 section has a depth of approximately 0.5 mm, for exam- 
ple. In the axial direction of the stepped inner hole 142, 
a rubber O-ring (elastic sealing member) 47 is disposed 
in a portion between the low-pressure refrigerant path 
140 and the pressure chamber 43 to maintain air-tight- 

45 ness therebetween. 

[0031] Next, a spring mechanism 50 for applying a 
predetermined spring force to the valve element 144 of 
the expansion valve 14 will be described. The valve 
body 141 is formed with an accommodating chamber 51 

so for accommodating the spring mechanism 50 at the 
lower side of the stepped inner hole 142. As shown in 
FIG. 1, the accommodating chamber 51 communicates 
with the refrigerant inlet 141a into which the high-pres- 
sure refrigerant flows. A metallic support plate 52 joined 

55 by welding to the valve element 1 44 made of stainless is 
provided in the upper end portion in the accommodating 
chamber 51. 

[0032] An end of a coil spring 53 (spring means) con- 
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tacts and supports the support plate 52. The other end 
of the coil spring 53 is supported by a metallic plug 54. 
The plug 54 functions as a cover member for closing an 
opening end of the accommodating chamber 51 toward 
the outside and is detachably fixed to the valve body 
1 41 by screws. A fixed position of the plug 54 by screws 
is adjusted so that a preset load of the coil spring 53 is 
adjusted. In this way, a spring force applied to the valve 
element 144 is adjusted. A superheating degree of the 
refrigerant at the outlet of the evaporator, which is set by 
the expansion valve 14, can be adjusted by adjusting 
the spring force. At the top end portion of the plug 54, a 
rubber O-ring (elastic sealing member) 55 is disposed 
to maintain air-tightness between the accommodating 
chamber 51 and the outside. 

[0033] The normally-closed type electromagnetic 
valve 20 is a pilot type electromagnetic valve including 
the valve element 200, an electromagnet 210, and a 
columnar plunger 220 made of magnetic material. The 
valve element 200 has a substantially disc-shape. A 
minute valve hole 202 is formed in a resin member 201 
at the central portion of the valve element 200. The 
resin member 201 is preferably formed with resin mate- 
rial (e.g., fluorine type resin) which can be satisfactorily 
molded with high accuracy in size and can sufficiently 
maintain a sealing performance with the end face of the 
refrigerant path 148. 

[0034] Further, a piston member 203 made of metal 
such as brass is disposed on the outer circumferential 
portion of the resin member 201. Both are connected 
integrally to each other by caulking or the like. The pis- 
ton member 203 is fitted slidably in the left-right direc- 
tion of FIG. 2 to an inner circumferential wall of a 
cylindrical mounting screw member 230 made of non- 
magnetic metal. The mounting screw member 230 is for 
detachably fixing the normally-closed type electromag- 
netic valve 20 to the valve body 141 . At the screw fixing 
portion of the mounting screw member 230, a rubber O- 
ring (elastic sealing member) 231 is disposed to main- 
tain air-tightness between the communication chamber 
147 and the outside. 

[0035] The electromagnet 21 0 is provided with a resin 
bobbin 212 wound with a solenoid 211. A columnar 
magnetic pole member 21 3 is coaxially fitted in a hollow 
top end portion of the bobbin 212. The magnetic pole 
member 213 is fastened to a magnetic frame body 214 
made of magnetic material by a screw 214a. Further, a 
cylindrical support member 215 made of non-magnetic 
material is coaxially and fixedly fitted in the hollow por- 
tion of the bobbin 212. The support member 215 is fix- 
edly fitted to the outer circumferential wall of the 
magnetic pole member 21 3 at an end thereof and is fix- 
edly fitted to the inner circumferential wail of the mount- 
ing screw member 230 at the other end thereof. In this 
way, the mounting screw member 230 and the electro- 
magnet 210 are integrally connected to one another via 
the support member 215. 

[0036] The plunger 220 is cylindrical and made of 



magnetic material. The plunger 220 is fitted within the 
hollow portion of the support member 215 to move in 
the axial direction of the hollow portion. The plunger 220 
has a valve portion 222 projecting conically from an end 

5 face at the side of the valve element 200. The plunger 
220 is biased by a coil spring 221 in the left direction of 
the drawing, i.e., toward the valve element 200, such 
that the valve portion 222 is seated on the valve element 
200 to close the valve hole 202. A back pressure cham- 

10 ber 223 is defined between the end face of the plunger 
220 at the side of valve portion 222 and the valve ele- 
ment 200. Further, a minute hole 204 is formed in the 
valve element 200 for always communicating the back 
pressure chamber 223 and the communication cham- 

15 ber 147. 

[0037] In the normally-closed type electromagnetic 
valve 20 as constructed above, when electric current is 
supplied to the solenoid 211 to generate a magnetic 
flux, the plunger 220 is attracted by the magnetic pole 

20 member 213 while resisting the coil spring 221, and the 
valve portion 222 is separated from the valve element 
200 so that the valve hole 202 is opened. Accordingly, 
the backpressure chamber 223 communicates with the 
refrigerant outlet 141b through the refrigerant path 148, 

25 and then the pressure in the back pressure chamber 
223 drops down to the pressure at the refrigerant outlet 
141b (i.e., the low-pressure of the evaporator 16). 
[0038] On the other hand, the pressure in the commu- 
nication chamber 147 is maintained at the high-pres- 

30 sure side pressure of the refrigeration cycle, because 
the communication between the communication cham- 
ber 147 and the refrigerant path 148 is interrupted so 
far. Therefore, the pressure of the communication 
chamber 147 becomes higher than that of the back 

35 pressure chamber 223, and accordingly the valve ele- 
ment 200 is moved in the right direction in FIGS. 2, 3 by 
a pressure difference between both chambers 1 47, 223. 
As a result, the refrigerant path 148 is opened. That is, 
the normally-closed type electromagnetic valve 20 

40 moves the plunger 220 in the right direction in the draw- 
ing when electric current is supplied to the solenoid 21 1 
to generate a pressure difference between both cham- 
bers 147, 223. As a result, the valve element 200 is 
opened. 

45 [0039] As opposed to this, when electric current to be 
supplied to the solenoid coil 21 1 is stopped, the plunger 
220 is moved in the left direction in FIGS. 2, 3 by the 
spring force of the coil spring 221 , and the valve portion 
222 is seated on the valve element 200 so that the valve 

so hole 202 is closed. Accordingly, the refrigerant in the 
communication chamber 147 is introduced through the 
minute hole 204 into the back pressure chamber 223 
which has been maintained at the low-pressure side 
pressure. Therefore, the valve element 200 is moved in 

55 the left direction in FIGS. 2 and 3 and is seated on the 
end face of the refrigerant path 1 48 to close the refriger- 
ant path 148. In this way, the normally-closed type elec- 
tromagnetic valve 20 is recovered to be closed. 
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[0040] Further, the valve body 141 has a minute note 
500 as a minute communication passage for connecting 
the communication chamber 147 and the accomodating 
chamber 51 of the spring mechanism 50. When the nor- 
mally-closed type electromagnetic valve 20 is closed, 
the communication chamber 147 provided between the 
valve element 200 and the valve element 144 in the 
restriction path 144a communicates with the accommo- 
dating chamber 51 through the minute hole 500. 
Accordingly, the communication chamber 147 is pre- 
vented from being sealed. 

[0041] Next, an operation of the embodiment having 
the above-described construction will be described in 
more detail. In FIG. 1, when the compressor 10 starts 
upon receiving a driving force transmitted from the 
engine of the vehicle through the electromagnetic 
clutch, the compressor 10 sucks and compresses the 
refrigerant in the path at the downstream sides of the 
evaporators 15, 16, and discharges gas-phase refriger- 
ant having a high-temperature and a high-pressure 
toward the condenser 1 1 . Then, the condenser 1 1 cools 
and condenses the gas-phase refrigerant. The con- 
densed refrigerant flows into the receiver 12, and the 
gas-phase refrigerant and the liquid-phase refrigerant 
are separated in the receiver 12. The liquid-phase 
refrigerant flows out of the receiver 12 and flows toward 
the first and second expansion valves 13, 14 disposed 
in parallel. 

[0042] When there is no passenger at the rear seat 
side, it is not necessary to perform an air conditioning of 
the rear seat side, and therefore, the rear air condition- 
ing unit 18 is not operated. The electric current to be 
supplied to the solenoid 211 of the electromagnetic 
valve 20 is interrupted, so that the valve element 200 is 
closed to close the refrigerant path 148. Accordingly, 
the inlet-side refrigerant path of the second evaporator 
16 is closed so that the refrigerant does not circulate 
into the second evaporator 16. 

[0043] On the other hand, in the front air conditioning 
unit 17, the liquid-phase refrigerant from the receiver 12 
is decompressed and expanded in the first expansion 
valve 13 and becomes gas-liquid two phase refrigerant. 
The gas-liquid two phase refrigerant is evaporated while 
absorbing heat from conditioned air in the first evapora- 
tor 15. The conditioned air is cooled and blown into the 
front seat side in the passenger compartment to per- 
form the air conditioning. Incidentally, the opening 
degree of the expansion valve 13 is automatically 
adjusted according to a temperature of the refrigerant at 
the outlet of the evaporator, detected by the tempera- 
ture sensing bulb 13a, so that the superheating degree 
of the refrigerant at the outlet of the evaporator is main- 
tained at a predetermined value. 
[0044] The second expansion valve 1 4 provided in the 
rear air conditioning unit 18 is integrated with the elec- 
tromagnetic valve 20. When the electromagnetic valve 
20 is closed, the refrigerant does not circulate in the 
second evaporator 16, and therefore the temperature of 



-the refrigerant in the low-pressure refrigerant path 140 
formed in the valve body 141 of the expansion valve 14 
increases up to approximately the room temperature. 
Accordingly, the temperature of the temperature sens- 
5 ing chamber 34 also increases up to approximately the 
room temperature. 

[0045] However, in this embodiment, the refrigerant 
pressure in the communication chamber 147 between 
the valve element 200 of the electromagnetic valve 20 

10 and the restriction path 144a is introduced into the pres- 
sure equalizing chamber 35 through the pressure intro- 
duction path composed of the communication hole 44, 
the pressure chamber 43, the groove portion 46, and 
the communication holes 45, 45a in this order. When 

is the electromagnetic valve 20 is closed, the communica- 
tion chamber 147 communicates with the high-pressure 
side of the refrigeration cycle through the restriction 
path 144a to become the high-pressure side pressure. 
[0046] When the electromagnetic valve 20 is closed, 

20 the high-pressure side pressure of the refrigeration 
cycle is applied to the pressure equalizing chamber 35. 
Because the high-pressure side pressure is sufficiently 
higher than a refrigerant saturated pressure at the room 
temperature, even if the temperature of the temperature 

25 sensing chamber 34 increases up to approximately the 
room temperature, the pressure in the pressure equaliz- 
ing chamber 35 is sufficiently higher than that in the 
temperature sensing chamber 34. As a result, the dia- 
phragm 33 of the diaphragm operating unit 30 elasti- 

30 cally deforms upwardly in FIG. 2 so that the valve 
element 144, the operation rod 145, and the tempera- 
ture sensing rod 40 are moved upwardly by the spring 
force of the coil spring 53. As a result, the valve element 
144 is seated on the valve seat 143 to be a closed state. 

35 Here, since both of the valve element 1 44 and the valve 
seat 143 are made of metal, the valve element 144 is 
not strictly closed so that the high-pressure side pres- 
sure in the accommodating chamber 51 leaks through 
the minute clearance between the valve element 144 

40 and the valve seat face 143 toward the communication 
chamber 147. 

[0047] The minute clearance between the valve ele- 
ment 144 and the valve seat face 143 is very small. 
Therefore, when the electromagnetic valve 20 is closed, 

45 the communication chamber 1 47 between the valve ele- 
ment 144 and the valve element 200 becomes a sub- 
stantially sealed space. In this state, when the sealed 
space is filled with the liquid-phase refrigerant, the liq- 
uid-phase refrigerant may expand due to a rise in ambi- 

50 ent temperature around the expansion valve, so that the 
pressure in the sealed space may be abnormally 
increased. However, according to this embodiment, the 
minute hole 500 for connecting the communication 
chamber 147 and the accomodating chamber 51 of the 

55 spring mechanism 50 is provided in the valve body 1 41 . 
Therefore, the pressure in the communication chamber 
147 can be released through the minute hole 500 into 
the accommodating chamber 51 , and accordingly, the 
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pressure in the communication chamber 147 can be 
securely prevented from abnormally increasing. 
[0048] Next, in the state where the valve element 1 44 
of the expansion valve 14 is closed, electric current is 
supplied to the solenoid 211 of the electromagnetic 
valve 20 to operate the rear air conditioning unit 18. 
Accordingly, the valve element 200 of the electromag- 
netic valve 20 is opened so that the cylindrical refriger- 
ant path 148 is opened. At this time, since the valve 
element 1 44 of the expansion valve 1 4 is closed, a large 
amount of refrigerant does not start to flow suddenly by 
the opened electromagnetic valve 20. 
[0049] After the electromagnetic valve 20 is opened, 
the pressure in the pressure equalizing chamber 35 
gradually lowers through the above-described pressure 
introduction path down to the low-pressure side pres- 
sure. Therefore, the opening degree of the valve ele- 
ment 144 of the expansion valve 14 also gradually 
increases with the result that the amount of the refriger- 
ant flowing through the expansion valve 14 gradually 
increases. In this way, it is possible to effectively sup- 
press the noise due to the variation in the pressure 
before and after the valve element 144 of the expansion 
valve 14 as well as the flowing noise due to the large 
amount of the rapid flow of the refrigerant. 
[0050] When a predetermined time has elapsed after 
the electromagnetic valve 20 is opened, the pressure in 
the pressure equalizing chamber 35 becomes a pres- 
sure (low pressure) of the refrigerant at the inlet side of 
the evaporator 16. Hereafter, the valve element 144 of 
the expansion valve 14 is moved to a position according 
to a balance of the spring force of the coil spring 53 and 
the pressure difference between the low pressure at the 
inlet side of the evaporator, which is applied to the pres- 
sure equalizing chamber 35, and the refrigerant pres- 
sure corresponding to the temperature of the refrigerant 
at the outlet side of the evaporator, which is applied to 
the temperature sensing chamber 34. 
[0051] In this way, the valve element 144 of the expan- 
sion valve 14 adjusts the opening degree of the restric- 
tion path 144a for adjusting the flow amount of the 
refrigerant flowing therethrough such that the refrigerant 
at the outlet side of the evaporator can maintain a pre- 
determined superheating degree. That is, the expan- 
sion valve 14 adjusts the flow amount of the refrigerant 
as an internal pressure equalizing type expansion valve. 
[0052] As being understood from the above-described 
operation, when the electromagnetic valve 20 is closed, 
the high-pressure side pressure of the refrigeration 
cycle is applied to the pressure equalizing chamber 35 
of the diaphragm operating unit 30. Therefore, when the 
diaphragm operating unit 30 is specifically designed, it 
is desirable for the diaphragm 33 to be made of stain- 
less type materia] which is superior in the fatigue resist- 
ant characteristics, and for the casings 31, 32 to be 
formed in a shape having a thick wall. 
[0053] The minute hole 500 for preventing the pres- 
sure in the communication chamber 147 from abnor- 



* mally increasing is arranged approximately in parallel 
with the restriction path 144a. Therefore, it is necessary 
for the minute hole 500 to be designed not to adversely 
affect the effect of preventing the occurrence of the 

5 noise caused by the sudden variation in pressure and 
by the sudden flow of the large amount of the refriger- 
ant, when the electromagnetic valve 20 is opened. It is 
also desired for the minute hole 500 to be designed not 
to adversely affect the operation for adjusting the flow 

w amount of the refrigerant by the opening degree of the 
restriction path 144a, when the electromagnetic valve 
20 is opened. As a result of studies by the inventors, it 
was founded that when the resistance of the minute 
hole 500 was significantly large as compared to that of 

75 the restriction path 144a, for example, when a diameter 
0 of the minute hole 500 was approximately 0.5 mm, 
the above requirements can be satisfied. 

(Second Embodiment) 

20 

[0054] A second preferred embodiment of the present 
invention will be described with reference to FIG. 6. In 
FIG. 6, the temperature sensing rod 40 is omitted, and 
instead, a temperature sensing bulb 14a corresponding 
25 to the temperature sensing bulb 13a in FIG. 1 is pro- 
vided at the refrigerant outlet portion of the evaporator 
16. The temperature sensing bulb 14a is connected to 
the temperature sensing chamber 34 through a capil- 
lary tube 36a. 

30 [0055] Accompanied by the omission of the tempera- 
ture sensing rod 40, a stopper member 400 for transmit- 
ting displacement is interposed between the operation 
rod 145 and the diaphragm 33. The stopper member 
400 has large-diameter portions 401, 402 at both ends 

35 in the axial direction thereof and a small-diameter por- 
tion 403 at the intermediate portion. A rubber O-ring 47 
(elastic sealing member) is disposed around an outer 
circumferential surface of the lower side large-diameter 
portion 402 to provide air-tightness between the pres- 

40 sure chamber 43 below the large-diameter portion 402 
and the pressure equalizing chamber 35. 
[0056] An annular refrigerant path 145b formed 
around the small-diameter portion 1 45a of the operation 
rod 145 communicates at the downstream side of the 

45 valve element 144 of the expansion valve 14 with the 
communication chamber 147 through the communica- 
tion hole 146. In the same manner as in the first embod- 
iment, the communication between the communication 
chamber 147 and the refrigerant path 148 communicat- 

50 ing with the refrigerant outlet 141b is opened or closed 
by the valve element 200 of the electromagnetic valve 
20, and the communication chamber 147 communi- 
cates with the accommodating chamber 51 for accom- 
modating the spring mechanism 50 through the minute 

55 hole 500. 

[0057] The accommodating chamber 51 is formed 
directly at the downstream side of the refrigerant inlet 
141a. Accordingly, in the second embodiment, instead 
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of the plug 54, a support plate 54b, in which a refrigerant 
flow hole 54a is opened, is screwed to the valve body 
141. The communication hole 146 formed between the 
valve element 144 of the expansion valve 14 and the 
valve element 200 of the electromagnetic valve 20 com- s 
municates with the pressure chamber 43 below the 
large-diameter portion 402 of the stopper member 400 
through a communication hole 44. 
[0058] Therefore, also in the second embodiment, 
when the electromagnetic valve 20 is closed, the high- 10 
pressure side pressure of the refrigeration cycle is 
applied to the pressure chamber 43 through the com- 
munication hole 146 disposed at the upstream side of 
the valve element 200 and through the communication 
hole 44. As a result, the stopper member 400 is pushed is 
upward, and the valve element 144 of the expansion 
valve 14 is closed. In this case, since the high-pressure 
side pressure of the refrigeration cycle is applied to the 
large-diameter portion 402 of the stopper member 400, 
the area receiving the pressure is increased as com- 20 
pared with the temperature sensing rod 40 in the first 
embodiment, so that the force for pushing the stopper 
member 400 upward can be increased. 
[0059] Further, a communication hole 1 49 for connect- 
ing the refrigerant outlet 1 41 b and the pressure equaliz- 25 
ing chamber 35 is provided in the valve body 141 to be 
opened at the outer circumference side of the small- 
diameter portion 403 located above the O-ring 47. In 
this way, the refrigerant pressure at the inlet side of the 
evaporator 1 6 is introduced into the pressure equalizing 30 
chamber 35 from the refrigerant outlet 141b through the 
communication hole 149. Accordingly, when the electro- 
magnetic valve 20 is opened, the valve element 144 of 
the expansion valve 14 is moved according to the refrig- 
erant pressure in the temperature sensing chamber 34, 35 
which corresponds to the temperature of the refrigerant, 
at the outlet side of the evaporator, detected by the tem- 
perature sensing bulb 14a, and to the refrigerant pres- 
sure at the inlet side of the evaporator, which is 
introduced into the pressure equalizing chamber 35 40 
through the communication hole 149. In this way, the 
opening degree (the flow amount of the refrigerant) of 
the restriction path 144a is adjusted. 
[0060] As being understood from the above-described 
operation, in the second embodiment, the pressure 45 
equalizing chamber 35 and the pressure chamber 43 
are partitioned by the O-ring 47, and the high-pressure 
side pressure of the refrigeration cycle is not applied 
directly to the pressure equalizing chamber 35 when the 
electromagnetic valve 20 is closed. Therefore, when the so 
diaphragm operating unit 30 is specifically designed, 
the diaphragm 33 or the casings 31 , 32 may have com- 
pressive strength as usual. 

(Third Embodiment) 55 

[0061] Referring to FIG. 7, in a third preferred embod- 
iment, the communication hole 149 of the valve body 



•141, the large-diameter portion 402 of the stopper 
member 400, and the O-ring 47 on the outer circumfer- 
ential surface of the large-diameter portion 402 are 
omitted, and instead the small-diameter portion 403 of 
the stopper member 400 extends to the lower end por- 
tion. Further, a clearance portion 403a around the 
small-diameter portion 403 communicates with the 
communication hole 44. Accordingly, the pressure 
equalizing chamber 35 below the diaphragm 33 com- 
municates with the communication hole 146 and the 
communication chamber 147 disposed at the upstream 
side of the valve element 200 through the above- 
described clearance 403a and the communication hole 
44. 

[0062] In the third embodiment, in the same manner 
as in the first embodiment, the refrigerant pressure at 
the upstream side of the valve element 200 is applied to 
the pressure equalizing chamber 35 below the dia- 
phragm 33, and the communication chamber 147 com- 
municates with the accommodating chamber 51 for 
accommodating the spring mechanism 50 through the 
minute hole 500. 

[0063] The refrigeration cycle employing the expan- 
sion valve 14 integrated with the electromagnetic valve 
in the first and third embodiments is schematically 
shown in FIG. 8. Specifically, a pressure introduction 
path R is provided for applying the refrigerant pressure 
between the downstream side of the restriction path 
144a of the expansion valve 14 and the upstream side 
of the valve element 200 of the electromagnetic valve 
20, into the pressure equalizing chamber 35 below the 
diaphragm 33 in the diaphragm operating unit 30. 
[0064] In the first embodiment, the pressure introduc- 
tion path R is constructed by the communication hole 
44, the pressure chamber 43, the groove portion 46, 
and the communication holes 45, 45a in this order. Fur- 
ther, in the third embodiment, the pressure introduction 
path R is constructed by the communication hole 44 and 
the clearance portion 403a. 

(Fourth Embodiment) 

[0065] A fourth preferred embodiment shown in FIGS. 
9, 10 is a modified example of the first embodiment 
shown in FIG. 2. In the first embodiment, the circular 
minute hole 500 serves as the minute communication 
passage; however, in the fourth embodiment, a concave 
notch groove 501 for providing the minute communica- 
tion passage is formed on part of the valve seat 143, on 
which the valve element 144 is seated when the expan- 
sion valve is closed. The notch groove 501 extends in a 
radial direction of the valve seat 143 at a position facing 
the valve element 144. Although FIG. 10 shows only 
one notch groove 501, several notch grooves may be 
formed on the valve seat 143. 

[0066] Accordingly, even if the valve element 144 is 
seated on the valve seat 143 when the expansion valve 
is closed, the downstream side and the upstream side 
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of the restriction path 144a directly communicate with • 
one another through the notch groove 501. Therefore, 
also in the fourth embodiment, when the electromag- 
netic valve 20 is closed so that the pressure in the com- 
munication chamber 147 between the valve element 5 
144 and the valve element 200 becomes to be liable to 
increase due to the rise in ambient temperature around 
the expansion valve, the increase in pressure caused by 
the expansion of the liquid-phase refrigerant is released 
from the communication chamber 147 into the accom- 10 
modating chamber 51 through the notch groove 501 . As 
a result, the pressure in the communication chamber 
147 can be securely prevented from abnormally 
increasing. 

[0067] Incidentally, the notch groove 501 in the fourth is 
embodiment has a resistance substantially the same as 
that of the minute hole 500 in the first embodiment to 
provide the minute communication passage. For exam- 
ple, the cross-sectional area of the notch groove 501 is 
in a range of approximately 0. 1 mm 2 to 0.2 mm 2 . 20 

(Fifth Embodiment) 

[0068] A fifth preferred embodiment shown in FIGS. 
1 1 , 1 2 is a modified example of the second embodiment 25 
shown in FIG. 6. In the second embodiment, the circular 
minute hole 500 serves as the minute communication 
passage; however, in the fifth embodiment, as in the 
fourth embodiment, the concave notch groove 501 for 
providing the minute communication passage is formed 30 
on part of the valve seat 143 to extend in the radial 
direction of the valve seat 143. 

(Sixth Embodiment) 

35 

[0069] A sixth preferred embodiment shown in FIGS. 
13, 14 is a modified example of the third embodiment 
shown in FIG. 7. In the third embodiment, the circular 
minute hole 500 serves as the minute communication 
passage; however, in the sixth embodiment, as in the 40 
fourth and fifth embodiments, the concave notch groove 
501 for providing the minute communication passage is 
formed on part of the valve seat 143 to extend in the 
radial direction of the valve seat 143. 
[0070] The present invention is not limited to the 45 
refrigeration cycle for a vehicle, but may be widely 
employed in refrigeration cycle for an air conditioning 
apparatus, a freezing apparatus, a refrigerating appara- 
tus, or the like, installed in a general construction build- 
ing. 50 
[0071] Although the present invention has been fully 
described in connection with the preferred embodi- 
ments thereof with reference to the accompanying 
drawings, it is to be noted that various changes and 
modifications will become apparent to those skilled in 55 
the art. Such changes and modifications are to be 
understood as being included within the scope of the 
present invention as defined in the appended claims. 



Claims 

1 . An expansion valve (1 4) integrated with an electro- 
magnetic valve (20) employed in a refrigeration 
cycle, comprising: 

an expansion valve body (141) having therein 
an inlet refrigerant path (141a, 51) for introduc- 
ing refrigerant, a restriction path (144a) for 
decompressing and expanding the refrigerant 
introduced from the inlet refrigerant path (141a, 
51), and an outlet refrigerant path (141b) for 
discharging therefrom the refrigerant decom- 
pressed and expanded in the restriction path 
(144a); 

a first valve element (144) for adjusting an 
opening degree of the restriction path (144a); 
and 

a valve element operating mechanism (30) for 
moving the first valve element (144); and 
a second valve element (200) disposed in the 
electromagnetic valve (20) to open and close 
the outlet refrigerant path (141b), the electro- 
magnetic valve (20) being integrally assembled 
to the expansion valve body (141), 
wherein when the second valve element (200) 
is closed, the valve element operating mecha- 
nism (30) operates based on a refrigerant pres- 
sure in a space (147) between the second 
valve element (200) and the restriction path 
(1 44a) such that the first valve element (144) is 
closed; and 

wherein the space (147) between the second 
valve element (200) and the restriction path 
(144a) communicates with the inlet refrigerant 
path (141a. 51) through a communication pas- 
sage (500, 501). 

2. The expansion valve integrated with the electro- 
magnetic valve of claim 1 , wherein the communica- 
tion passage is a hole (500) formed in the 
expansion valve body. 

3. The expansion valve integrated with the electro- 
magnetic valve of claim 1, wherein: 

the expansion valve body has a valve seat 
(1 43) on which the first valve element is seated; 
the restriction path is provided between the 
valve seat and the first valve element; and 
the valve seat has a groove (501) as the com- 
munication passage for connecting the space 
and the inlet refrigerant path when the first 
valve element is seated on the valve seat. 

4. The expansion valve integrated with the electro- 
magnetic valve of claim 1 , wherein a flow resistance 
of the refrigerant in the communication passage is 
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larger than that of the restriction path. 

The expansion valve integrated with the electro- 
magnetic valve of daim 1, wherein the space 
always communicates with the inlet refrigerant path s 
through a communication passage such that the 
refrigerant pressure in the space is released 
through the communication passage. 
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